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LUBRICIOUS COATINGS 

The present invention concerns improvements in or relating 
to lubricious coatings and to methods of preparation 
thereof and application to the surface of a substrate. 
More particularly, the present invention relates to a 
hydrophilic lubricious coating which binds to the surface 
of, for example, medical instruments, such as, catheters, 
probes or feeding tubes, which instruments, in use, are 
inserted into a human or animal body cavity. Such 
hydrophilic lubricious coating aids passage of said medical 
instruments into such body cavity. 

In order to reduce the surface coefficient of friction of 
such medical instruments, over the years, a number of 
coatings have been developed to be applied to such medical 
instruments and, hence, facilitate the insertion of such 
medical instruments into a human or animal body cavity with 
minimum discomfort being experienced by the user. 

In this connection, jelly-like preparations have been 
smeared onto the surface of medical instruments before 
insertion into cavities of the body. However, a major 
disadvantage exhibited by such jelly-like preparations was 
that, on removal of such medical instruments from said body 
cavity, such jelly-like preparations were easily dislodged 
from the surface of said medical instruments and, 
consequently, resulted in a substantial degree of 
discomfort being experienced by the user. Moreover, 
residual jelly may remain within said body cavity which can 
produce a focus for subsequent infection. 

Realising the disadvantages of the aforementioned jelly- 
like preparations, numerous types of hydrophilic lubricious 
coatings have subsequently been developed which bind to the 
surface of such medical instruments and, consequently, 
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exhibit slipperiness when wet. Moreover, such hydrophilic 
lubricious coatings have also substantially increased the 
commercial value of said medical instruments. 

Such hydrophilic lubricious coatings can be applied during 
manufacture of such medical instruments. However, the 
major disadvantage exhibited by such hydrophilic lubricious 
coatings is that the processes developed for applying such 
coatings to such medical instruments comprise numerous 
steps, which are time consuming and as a result thereof, 
large scale production is less financially beneficial. 
Further disadvantages of such coatings are that a high 
proportion of soluble material used washes off in use and 
therefore, the effective life span of said medical 
instruments is substantially reduced. Furthermore, some 
hydrophilic lubricious coatings exhibit roughness in their 
dry state and consequently, such roughness may be off- 
putting to the user. 

One such method of making such a hydrophilic lubricious 
coating comprises dipping the medical instrument, such as a 
catheter, to be coated into diphenylmethane di-isocyanate 
(MDI) and allowing same to dry. Such medical instrument, 
with a dry coating of MDI, is then dipped into a 
hydrophilic agent, such as polyethylene oxide, which is 
also allowed to dry. Subsequently, both the MDI and the 
hydrophilic agent are heated in order that they may react 
resulting in the formation of the desirable hydrophilic 
coating. The major disadvantage of such a process is that 
on adding the MDI first, an excess of the hydrophilic agent 
must also be added in order to ensure that the coating is 
not over cross-linked, since this would prevent the coating 
being hydrophilic. However, too much hydrophilic agent may 
wash off in use and consequently, be left behind in the 
bladder which is undesirable. Moreover, the surface of 
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said medical instrument is rough prior to wetting and is 
perceived as aesthetically poor quality. 

It is object of the present invention to provide a 
hydrophilic lubricious coating for medical instruments, 
such as catheters, probes or tubes, which, in use, are 
inserted into a human or animal body cavity, which will at 
least minimise some of the disadvantages exhibited by the 
lubricious coatings outlined above. For example, the 
hydrophilic lubricious coating of the present invention can 
be applied in a single step to the surface of such medical 
instrument. Moreover, the composition of the present 
invention can be formulated to reduce the proportion of 
soluble material which may wash off in use and, 
consequently, the effective life span of such hydrophilic 
lubricious coating is substantially increased. 
Furthermore, the coating of the present invention exhibits 
smoothness in both the dry and wet states which may be 
preferable to the user. 

According to one aspect of the present invention, there is 
provided a hydrophilic lubricious coating, particularly 
suitable for coating the surface of medical instruments, 
such as catheters, tubes or probes; 

wherein said hydrophilic lubricious coating comprises a 
non-toxic, cross-linked hydrophilic polyurethane which is 
insoluble in water. 

Polyurethane is generally formed from a polyether, for 
example, polytetramethylene glycol which may have a 
molecular weight of 2 000. Said glycol reacts with an 
isocyanate, for example, diphenylmethane di-isocyanate to 
form a pre-polymer comprising blocks of polyether or 
polyester capped with diphenylmethane di-isocyanate . Other 
di-isocyanates may be used. Said pre-polymer. is then 



WO 96/39204 



PCT/GB96/01314 



4 

reacted with either a diamine , such as ethylene diamine or 

with a diol, such as 1:4 butanediol to extend the chain j 

length of said pre-polymer. 

* 

It is known that in order to make such polyurethane 
hydrophilic, the polytetramethylene glycol can be 
substituted by polyethylene oxide or polyethylene glycol. 
This is usually incorporated into the pre-polymer, wherein 
the length of the polyethylene glycol is restricted in 
order to prevent the final polymer becoming soluble. 
However, in the present invention it is the diol which is 
substituted by a hydrophilic diol having a very large 
molecular weight, for example, polyethylene glycol or 
polypropylene glycol. This would normally produce a 
polyurethane which is so soluble that it would dissolve in 
water; however, in the present invention the ratio of pre- 
polymer to glycol is chosen such that in the reacting 
solution cross-linking occurs producing a hydrophilic 
polymer which is not soluble. 

According to a further aspect of the present invention 
there is provided a method for preparing a hydrophilic 
lubricious coating comprising adding a non-aqueous solution 
of a pre-polymer, said pre-polymer being formed from a 
polyether or polyester and an isocyanate, to a non-aqueous 
solution of a hydrophilic diol, having a high molecular 
weight, wherein the ratio of pre-polymer to hydrophilic 
diol is such that when the two solutions react, cross- 
linking occurs to produce a hydrophilic polyurethane which 
is insoluble in water. 

Preferably the hydrophilic diol is polyethylene glycol, 

although polypropylene glycol can also be utilised, if i 

desired. 



BNSDOCID: <WO_9639204A1_I_> 



WO 96/39204 



PCT/GB96/01314 



5 

The molecular weight of the hydrophilic diol is generally 
in the range of 5000 to 30,000, with polyethylene, glycol 
having a molecular weight of approximately 20,000 being 
particularly desired. 

The ratio of pre-polymer to hydrophilic diol, weight for 
weight, is selected depending upon the nature of the 
substrate to which the lubricious coating is to be applied. 
Additionally, the selected ratio preferably ensures that 
there is excess pre-polymer present within the lubricious 
coating. Such excess pre-polymer forms further chemical 
cross-links with the substrate, thereby assisting in the 
formation of a relatively tough coating which has a longer 
life span. Accordingly, each particular lubricious coating 
is substrate specific and, depending upon the nature of the 
substrate to be coated, the ratio, weight for weight, of 
pre-polymer to hydrophilic diol utilised to form the 
hydrophilic cross-linked polyurethane may range from 1:1 to 
1:8, preferably 1:2 . 

The pre-polymer is preferably used as a 2 to 2 0%, further 
preferably 10%, solution in a non-aqueous solvent such as 
tetrahydrofuran, methyl pyrrolidone or methylene chloride. 

The hydrophilic diol is preferably used as a 2 to 2 0%, 
further preferably 10%, solution in a non-aqueous solvent 
such as dimethylf ormamide, dimethyl sulphoxide, 
dichloromethane or methyl pyrrolidone. 

It is also possible to include a low molecular weight diol, 
into the coating composition of the present invention, the 
addition of such material generally assisting in causing 
the high molecular weight hydrophilic diol to dissolve in 
its organic solvent. 
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The lubricious hydrophilic coating of the present invention 
may also containing additional additives such as anti- 
microbial agents, for example , iodine or silver. 

According to another aspect of the present invention there 
is provided a method of coating the surface of an article, 
suitably a medical instrument such as a catheter, tube or 
probe, comprising applying the lubricious coating of the 
present invention to the article, suitably by spraying or 
dip-coating and drying and curing the sprayed or coated 
article. 

In a preferred embodiment the sprayed or coated article is 
suitably dried and cured at a temperature of from 60 to 
100°C, preferably 80°C, for a period of approximately 10 to 
3 0 minutes, usually 2 0 minutes. 

The coated article is then allowed to cool and the coating 
can then be handled and, if desired, the article can be 
packed and, if necessary, sterilised utilising an 
appropriate sterilising agent such as ethylene oxide or by 
irradiation. 

Further preferably, such medical instruments will comprise 
a suitable substrate to which the hydrophilic lubricious 
coating of the present invention will bind, such as PVC, 
polyurethane, nylon or latex. 

The present invention will now be described in further 
detail with reference to the following example. The 
example is presented for the purposes of illustration % only 
and not in a limiting sense. 
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Example: 

A 10% solution of polyethylene glycol (molecular weight 
20 f 000) dissolved in dimethylf ormamide , was mixed with a 
10% solution of a pre-polymer known as AX-9192 and sold by 
Apollo Chemicals Ltd dissolved in tetrahydrof uran. Such 
solutions were mixed in a suitable proportion to* produce a 
cross-linked polyurethane on reaction, viz. in a ratio of 
2:1 of polyethylene glycol to pre-polymer, weight for 
weight. 

The mixture is then applied to a substrate made of for 
example, polyurethane or PVC, by spraying or dip-coating. 
The coating is then dried and cured in an oven at a 
temperature of 80°C for 20 minutes. After cooling, the 
coating can be handled and the device » packed and 
sterilised. 

Other pre-polymers which may be used are A7554 and A7153, 
both available from Apollo Chemicals Limited. The 
molecular weight of the polyethylene glycol may vary from 
5000 to 30,000 and it is also possible to use polypropylene 
glycol, polyethylene oxide and polypropylene oxide. 

In friction tests which have been carried out, it has been 
found that the use of the lubricious coating in accordance 
with the present invention when applied to the surface of a 
medical instrument such as a catheter helps to reduce the 
surface coefficient of friction of said catheter; moreover, 
the coating remains firmly attached to the catheter. 

Whilst the present invention has been generally described 
in relation to a hydrophilic lubricious coating for use on 
medical instruments, it is to be understood that such 
hydrophilic lubricious coating is also applicable in the 
case of any other implements which are desired to exhibit 
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CLAIMS : 

1. A hydrophilic lubricious coating, particularly suitable 
for coating the surface of medical instruments, such as 
catheters, tubes or probes; wherein said hydrophilic 
lubricious coating comprises a non-toxic , cross- 
linked, hydrophilic polyurethane which is insoluble in 
water . 

2. A method for preparing a hydrophilic lubricious 
coating, comprising adding a non-aqueous solution of a 
pre-polymer, said pre-polymer being formed from a 
polyether or polyester and an isocyanate, to a non- 
aqueous solution of a hydrophilic diol, having a high 
molecular weight, wherein the ratio of pre-polymer to 
hydrophilic diol is such that when the two solutions 
react, cross-linking occurs to produce a hydrophilic 
polyurethane which is insoluble in water. 

3. A method for preparing a hydrophilic lubricious coating 
as claimed in claim 2, wherein the hydrophilic diol is 
polyethylene glycol or polypropylene glycol. 

4. A. method for preparing a hydrophilic lubricious coating 
as claimed in claim 2 or 3 , wherein the hydrophilic 
diol has a molecular weight of 5000 to 30,000, 
preferably 20, 000. 

5. A method for preparing a hydrophilic lubricious coating 
as claimed in claim 2, 3 or 4, wherein the ratio, 
weight for weight, of pre-polymer to hydrophilic diol 
is 1:1 to 1:8, preferably 1:2. 
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6. A method for preparing a hydrophilic lubricious coating 
as claimed in any one of claims 2 to 5, wherein the 
pre-polymer is used as a 2 to 20%, preferably 10%, 
solution in a non-aqueous solvent. 

7. A method for preparing a hydrophilic lubricious coating 
as claimed in claim 6, wherein said non-aqueous solvent 
is tetrahydrofuran, methyl pyrrolidine or methylene 
chloride. 

8. A method for preparing a hydrophilic lubricious coating 
as claimed in any one of claims 2 to 7, wherein the 
hydrophilic diol is used as a 2 to 20%, preferably 10% , 
solution in a non-aqueous solvent. 

9. A method for preparing a hydrophilic lubricious coating 
as claimed in claim 8, wherein said non-aqueous solvent 
is dimethylformamide, dimethyl sulphoxide, 
dichloromethane or methyl pyrrolidone. 

10. A method of coating the surface of an article, suitably 
a medical instrument such as a catheter, tube or probe, 
comprising applying the lubricious coating of claims 1 
or 11 to the article, suitably by spraying or dip- 
coating and drying and curing the sprayed or coated 
article. 

11. A method of coating the surface of an article as 
claimed in claim 10, wherein the article is suitably 
dried and cured at a temperature of from 60 to 100°C, 
preferably 80°c, for a period of approximately 10 to 30 
minutes, usually 2 0 minutes. 
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